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方法 含 EGF 的滴眼液（3 纳克/天）治疗 BAC 诱导的小鼠干眼，于治疗第 2、4、
6天观察相关临床指标：泪膜破裂时间、角膜荧光素染色、炎症指数及泪液分泌
量。治疗 6天后收集眼球及眶周组织，并做下列检测：组织学染色，TUNEL 试验
评价细胞凋亡，PAS 染色标记结膜杯状细胞，免疫染色观察角膜 Ki-67、EGF 受
体及 MUC1 表达情况，并通过 Western blot 检测 EGF 受体和 p-ERK 的表达水平。 
结果 EGF 滴眼液使治疗第 2、6 天的泪膜破裂时间长于对照组，使第 4、6 天的
角膜荧光素染色评分低于对照组，对炎症指数及泪液分泌量无明显影响。免疫荧
光染色及 Western blot 均显示，EGF 滴眼液可使角膜 EGF 受体表达量增高。同
时，EGF 还导致上皮细胞中 ERK 自体磷酸化水平升高、上皮 Ki-67 阳性细胞增加、
TUNEL 阳性细胞减少。此外，EGF 可显著增加结膜杯状细胞数量，并维持干眼状
态下角膜上皮 MUC1 的表达水平。 






方法 苯扎氯铵诱导建立小鼠干眼动物模型后，使用不同剂量（1.5 或 3 微克/天）
的羊膜提取液对干眼小鼠行局部滴眼治疗 6 天，观察的临床指标包括泪膜破裂时
间、角膜荧光素染色、炎症指数及泪液分泌试验。于第 6 天收集眼组织标本行以
下病理及生化检测：角膜 H&E 染色、TUNEL 试验观察角膜上皮细胞凋亡、PAS
染色计算杯状细胞数量、免疫标记法观察与鳞状上皮化生相关的角蛋白 K10 及
在细胞分裂期出现的 Ki-67，并用 Western blot 检测角膜 K10、TNF-α、IL-1β
及 IL-6 的蛋白表达水平，用定量 PCR 观察 TNF-α基因表达变化。 
结果 羊膜提取液可显著延长干眼小鼠的泪膜破裂时间、降低角膜荧光素染色评
分及炎症指数。羊膜提取液还可减少干眼状态下的角膜炎症细胞浸润、K10 表达
及 TNF-α、IL-1β、IL-6 水平，减少结膜杯状细胞丢失，减少角膜上皮的 TUNEL


































Dry eye is one of the most common diseases in the clinic with 15-35% of the 
incidence in our country. The majority of dry eye patients is mild, and can be released 
by topical administration of lubricants (traditional artificial tears). But the effect of 
lubricants to the patients with moderate to severe dry eye is far from perfection. The 
progression of the disease leads to the complications of corneal ulcer and corneal 
neovascularization, which may cause irreversible vision damage, life quality 
impairment, and the burden to families and society. Compared to the treatments of 
lacrimal duct embolization and wet chamber spectacles, it is much easier for the 
patients to accept the management of eye drops. Currently, clinical eye drop 
formulations include lubricants, cyclosporine, non-steroidal anti-inflammatory drugs, 
and hormones; however, the long term administration is limited by the side effects. 
The real artificial tears with the biofactors from tear film are not commercial available 
by far. The ocular surface is covered by the tear film, and its dysfunction is closely 
related to the onset of dry eye. The tear film contains a variety of active factors, such 
as epidermal growth factor (EGF) and vitamin A. With the progress of the 
pharmaceutical industry, the physical and chemical properties of the lubricant are very 
similar to the tear film. However, the lack of active factors may be the main reason of 
the unsatisfactory efficacy of lubricants. Therefore, the series research in my Ph.D. 
candidate years, based on the established in vivo drug screening system of 
BAC-induced dry eye model as well as methods of therapeutic effects and 
mechanisms investigation, two drugs among several potential ones were selected 
through clinical observation and verified by pathological and biochemical assays. It is 
beneficial to optimize and standardize this in vivo drug screening system for the 
further studies of dry eye and finally to the patients who need treatment more than just 
lubricants but novel artificial tears with active factors. 















in the series study. BAC is one of the most commonly used preservative in eye drops. 
Cumulative evidences have confirmed that long term use of preservative-containing 
eye drops may cause ocular surface damage such as dry eye and allergic reactions. 
Some scholars reported a rabbit dry eye model can be set by topical application of 
BAC, however, the relative lack of antibodies partially limit the better understanding 
and utilization of this novel model. Our team modified the model mainly by using 
Balb/C mice instead of rabbits, and accepted by other scientists globally. This drug 
screening series research once again proved that the BAC-induced murine dry eye 
model has great practical value for its stableness and effectiveness. 
Pari I  Therapeutic Effects of Epidermal Growth Factor on Benzalkonium 
Chloride–Induced Dry Eye in a Mouse Model 
Purpose To investigate the therapeutic effects and possible mechanisms of epidermal 
growth factor (EGF) on the mouse dry eye model induced by Benzalkonium chloride 
(BAC).    
Methods The eye drop containing EGF was topically administered (3ng/day) on 
BAC-induced dry eye model. The following clinical indications of dry eye were 
evaluated on D2, 4 and 6: tear break-up time (BUT), corneal fluorescein staining, 
inflammatory index and tear volume. Global specimens were collected on D6 and 
then the following examinations were performed: histological investigation, TUNEL 
assay to measure the dead cells, periodic acid-schiff (PAS) assay to detect goblet cells, 
and immunostaining of antibodies of Ki-67, EGF receptor (EGFR) and MUC1 in the 
corneas. The levels of EGFR and p-ERK of the corneas were also measured by 
Western blot. 
Results EGF resulted in longer BUTs on D2 and D6, lower fluorescein staining scores 
on D4 and D6 while no significant changes in inflammatory index or tear volume. 
EGF induced higher EGFR expression in corneal tissues by immunofluorescent 
staining and Western blot. EGF also up-regulated p-ERK, increased Ki-67 positive 
cells and decreased TUNEL positive cells. In addition, EGF significantly increased 
the goblet cells number and MUC1 expression in the epithelium. 















by stabilizing the tear film and maintaining the integrity of epithelium. Our results 
indicated that EGF had the potential in the clinical treatment of dry eye. 
Part II  Amniotic Membrane Extract Ameliorates Benzalkonium 
Chloride-induced Dry Eye in a Mouse Model 
Purpose To investigate the therapeutic effects and potential mechanisms of amniotic 
membrane extract (AE) on the Benzalkonium Chloride (BAC)-induced Dry Eye in a 
Murine Model 
Methods After BAC induction, AE was topically administered at the dosages of 1.5 
and 3 μg daily for 6 days. Clinical evaluations of BUT, corneal fluorescein staining, 
inflammatory index and tear volume were performed on days 0, 3 and 6. Global 
specimens were collected on D6 and the following examinations were performed: 
H&E staining, TUNEL assay to determine the dead cells, periodic acid-Schiff (PAS) 
assay to detect goblet cells, corneal immunostaining of Ki-67 and K10, and Western 
blot of corneal TNF-α, IL-1β, IL-6 and K10.  
Results Topical application of AE resulted in significantly lower fluorescein staining 
scores on Day 3, longer tear break-up time, and lower inflammatory index on Day 3 
and 6. AE reduced corneal epithelial K10 expression, inflammatory infiltration, and 
levels of TNF-α, IL-1β and IL-6 in BAC treated mice than that in the control mice. 
Moreover, decreased TUNEL positive cells in cornea and increased goblet cells in 
conjunctiva were also observed in AE treated corneas. Finally, AE induced more 
Ki-67 positive cells in corneal epithelium of dry eye mouse. 
Conclusions Our data provide further support for BAC induced dry eye model as a 
valuable for dry eye study and suggest a great potential for AE as a therapeutic agent 
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